**Core tip:** Dengue is an emerging arborvirus infection currently endemic in 128 countries in the world. In the absence of routine vaccination and specific antivirals, the main method to reduce the burden of dengue is to reduce the vector population, educate people on protective measures and timely laboratory identification. Unfortunately this routine laboratory investigation is currently neglected in most endemic countries and most cases of fevers are often misconstrued as malaria. This review provides a comprehensive summary of dengue infection and highlights the fact that routine dengue diagnosis will reduce the burden and global expansion of dengue.

INTRODUCTION
============

Dengue virus (DENV) is the most common arthropod-borne viral disease in humans and it is endemic in most tropical and sub-tropical countries\[[@B1]\]. It has been designated a major international public health concern by the World health Organization (WHO) as it accounts for 400 million cases annually among 3.97 billion people at risk of infection\[[@B1],[@B2]\]. Previous phylogenetic analysis suggests that there are four distinct DENV serotypes (DENV 1 to 4)\[[@B3],[@B4]\]. However, a 5^th^ serotype associated with milder disease was isolated in 2013 in Malaysia\[[@B5]\]. Over the years, DENV has spread from less than 9 endemic countries to presently about 128 endemic countries\[[@B6],[@B7]\]. Factors such as unrestricted large-scale international travel and trade, urbanization, global warming, virus and vector evolution contributed to its rapid spread to other regions of the World\[[@B8]\].

The main arthropod vectors for the transmission of DENVs are *Aedes aegypti* and *Aedes albopictus mosquitoes* are predominant in both tropical and sub-tropical regions of the world\[[@B9],[@B10]\]. Infected individuals may be asymptomatic or may present with dengue fever (DF) - a mild febrile illness, dengue hemorrhagic fever (DHF) - a life-threatening complication, or dengue shock syndrome (DSS). The incubation period is between 3-15 d following an infected blood meal. Rare cases of human - human transmission *via* needle stick injuries, contaminated blood products, donor organs and vertical transmission from infected mother to an unborn child have been documented\[[@B11]\]. Dengue endemicity in 128 countries makes it a year round occurrence with peak prevalence during the rainy season when environmental conditions are optimal for the *Aedes* vector breeding\[[@B12]\]. As a result, epidemics are common during the rainy season when the vector population is high and the chances for human exposure to mosquito bites is increased\[[@B13]\]. In the absence of routine vaccination and specific antivirals, the main method to reduce the burden of dengue is to reduce the vector population, educate people on protective measures such as spraying of insecticides and wearing protective clothing\[[@B7],[@B8],[@B14]\]. DF typically resembles malaria and in endemic countries most cases of dengue are treated as presumptive malaria. Therefore, routine and differential diagnosis of dengue will provide a basis for evidence-based treatment and reduce the irrational use of antimalarial or antibiotics to treat febrile diseases. Routine screening in endemic countries will provide a better estimate on the burden of dengue disease for public health action.

DENGUE EPIDEMIOLOGY
===================

Dengue is currently regarded as the most important arboviral disease internationally as over half of the world's population lives in dengue endemic countries\[[@B7]\]. A global estimate suggests about 50-200 million cases of dengue with 500000 episodes of DHF/DSS occur annually culminating in about 20000 dengue related deaths\[[@B15],[@B16]\]. The determining factors of dengue epidemiology trends include, but not limited to: (1) rapid urban population growth and density due to rural to urban migration; (2) poor sewage disposal system and land use pattern; (3) global warming; and (4) trade necessitating movement of people\[[@B17]\]. It is now known that every WHO region has evidence of dengue transmission\[[@B18]\]. Almost 75% of the world's population at risk of dengue, live in South East Asia (SEA) and the Western Pacific region and the disease is the leading cause of hospitalization and death in children from these regions (Figure [1](#F1){ref-type="fig"})\[[@B18]\]. Dengue is also recognized as an emerging infection in the Eastern Mediterranean region with multiple outbreaks occurring in Pakistan, Yemen, and Saudi Arabia\[[@B19]\]. Almost all countries in the Americas are now hyperendemic for dengue with epidemics occurring every three-to-five years especially in Latin America\[[@B16],[@B18]\]. Due to the significant endemicity of malaria throughout Africa, the majority of "febrile illnesses" including dengue is likely to be mistreated as malaria. This negatively affects our understanding of the epidemiology of dengue in the region. Dengue is indeed underreported in Africa and is not a notifiable disease to WHO by most countries from the continent. A review of the subject by Amarasinghe et al\[[@B20]\] suggested that dengue is endemic in 34 countries in Africa and that the four main dengue serotypes circulate in Africa with serotype 2 responsible for most epidemics. Although the threat of dengue is rare in Europe, imported cases by European travellers to and from endemic countries continue to rise (Table [1](#T1){ref-type="table"}). A report suggests the importation of dengue to 13 European countries by returning travellers\[[@B8]\].

###### 

Randomly selected articles revealing dengue importation by travelers from endemic countries

  **Year**    **Import country**        **Source country**                                                              **No. of cases**   **Age group**   **Serotype**         **Assay**                         **Ref**.
  ----------- ------------------------- ------------------------------------------------------------------------------- ------------------ --------------- -------------------- --------------------------------- ----------------------------------
  2010        France                    Benin                                                                           1                  40s             Unknown              IgG/IgM seology                   Gautret et al\[[@B54]\]
  2001-2009   Denmark                   Southeast Asia, South Asia, Central America, Africa, Caribbean, South America   114                6-79            DENV 1, 2, 3 and 4   IgG/IgM serology, PCR             Vinner et al\[[@B55]\]
  2010        Italy                     Caribbean, India, Indonesia, Brazil, Thailand, Venezuela, Nicaragua-Honduras    17                 16-63           DENV 1, 3            IgG/IgM immunofluorescence, PCR   Pierro et al\[[@B56]\]
  2013        France                    Guadeloupe                                                                      1                  50s             DENV 2               PCR                               Marchand et al\[[@B57]\]
  2010        France, Sweden            Tanzania                                                                        5                  41-69           DENV 3               PCR                               Gautret et al\[[@B58]\]
  2012        Germany, United Kingdom   Madeira                                                                         42                 20-73           Unknown              Unknown                           Frank et al\[[@B59]\]
  2007-2009   Sweden                    Thailand                                                                        100                Unknown         DENV 2               Unknown                           Heddini et al\[[@B60]\]
  2009        Italy                     Senegal                                                                         1                  40s             DENV 3               PCR                               Nisii et al\[[@B61]\]
  2012        Finland                   Madeira                                                                         5                  50-60           DENV 3               IgG/IgM, NS1 and PCR              Huhtamo et al\[[@B62]\]
  2013        Germany                   Japan                                                                           1                  50s             Unknown              IgG/IgM, NS1 and PCR              Schmidt-Chanasit et al\[[@B63]\]
  2010        Germany                   Croatia                                                                         1                  72              Unknown              IgG/IgM, NS1 and PCR              Schmidt-Chanasit et al\[[@B64]\]

DENV: Dengue virus; PCR: Polymerase chain reaction.

![Countries or areas of the world where dengue was reported in 2011, as per data collected by the World Health Organization. Reprinted with permission from Murray et al\[[@B8]\]. The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate borderlines for which there may not yet be full agreement.](WJV-6-9-g001){#F1}

CLINICAL ASPECTS OF DENGUE INFECTION
====================================

Dengue infection may present as a mild asymptomatic infection to severe illness that may lead to death in some cases. The disease may start as an undifferentiated febrile illness (UF), which may culminate to a diverse and complicated clinical condition such as: DF, DHF, DSS\[[@B21]\]. Clinically, UF illness mimics malaria and other tropical fevers and in the absence of specific serological testing, UF illness could easily be misdiagnosed or labeled as fever of unknown origin. DF is considered to be a mild disease because death is rarely reported, but may be associated with high fever, severe headache, pain behind the eyes, muscle and bone or joint pains, nausea, vomiting, rash and skin haemorrhages. Leukopenia and thrombocytopenia may also occur. The clinical presentation of DHF is similar to DF but the latter is characterized by plasma leakage resulting from alteration in microvascular permeability. The plasma leakage occurs into the pleural and peritoneal cavities that may result in pleural effusion and ascites. Typical presentation of DHF includes high fever, haemorrhagic phenomena, thrombocytopenia, hepatomegaly and circulatory failure. On the other hand, the clinical features of DSS are also similar to those of DHF but the plasma leakage is so severe that the patient develops shock\[[@B21],[@B22]\]. Other signs of circulatory failure such as the skin becoming cool, blotchy, and congested; circumoral cyanosis may be observed. Also, the patients may initially be lethargic, then become restless and then rapidly enter a critical stage of shock. DSS is usually characterized by weak pulse with narrowing of the pulse, hypotension with cold, clammy skin and restlessness. Death may occur in the absence of appropriate treatment.

DENGUE AMONG TRAVELLERS TO ENDEMIC COUNTRIES
============================================

The contribution of dengue expansion through international travel and intercontinental movement of goods is on the rise\[[@B23]\]. As the global community trades and travel more and more, so too do communicable and vector-borne diseases. Most dengue-endemic countries are popular touristic destinations and the frequency of international travel to these regions plays a role in the infection and transmission of the disease. With increasing growing markets and international trade in Africa, Asia and Latin America, the risk of dengue infection by travelers is high. It was observed in 2011 that air travel frequency was 40-times higher compared to the frequency during mid 20^th^ century\[[@B24]\]. Human travel to endemic areas as well as travel of infected persons to non-endemic areas is the main driver in the global transmission and expansion of the disease. Overcrowded airports located in most tropical countries serve as ideal breeding ground and distribution source of dengue viruses and travelers contribute in the importation of the disease (Table [1](#T1){ref-type="table"})\[[@B25]\]. Other globalization factors such as international transport of cargo and goods, especially *via* commercial sea shipment also contribute in the importation or exportation of the dengue's primary and secondary vectors, *Aedes aegypti* and *Aedes albopictus*, respectively\[[@B26]\]. The transatlantic transport of used cars and tires has been linked with the introduction of exotic mosquitoes from America to Europe, which contributed to other vector-borne disease epidemics\[[@B27],[@B28]\].

ASSESSING DENGUE DISEASE BURDEN IN ENDEMIC COUNTRIES
====================================================

While geographical expansion of dengue and its vector are evident, the true burden of the disease is underestimated due to lack of an efficient public health surveillance system for dengue. Dengue diagnosis is not routinely performed in endemic countries and most febrile illnesses are treated as presumptive malaria or fever of unknown origin. Also, most dengue cases are asymptomatic and go undetected and infected persons do not seek medical attention. Consequently, the number of dengue cases is underreported and the disease burden is grossly underestimated. However, DF, DHF and DSS cause significant humanitarian and economic hardship and it is suggested that about 3.97 billion people living in 128 endemic countries globally are at risk of dengue\[[@B7],[@B29]\]. The disability adjusted life year (DALY) lost due to dengue infection globally was 700000 per year in 2009 while an estimate of aggregate annual cost of dengue was USD 2.1 billion in the Americas in 2000-2007\[[@B15],[@B30]-[@B32]\]. Prior to 1990, dengue was endemic in only 9 countries but the disease is currently endemic in 128 countries across Africa, the Americas, the Eastern Mediterranean, SEA and the Western Pacific regions. A study involving twelve countries in the SEA region from 2001 to 2010 suggest an annual economic burden of US \$950 million amongst the studied nation\[[@B8]\]. Overall, due to inadequate disease surveillance, low level of reporting, low case fatality rate, lack of routine diagnosis, the true incidence and burden of the disease is unclear.

DENGUE AND MALARIA ENDEMICITY
=============================

Mosquitoes are widespread in most tropical and sub-tropical regions of the world. Dengue vectors as well as those responsible for the transmission of yellow fever, chikungunya (*Aedes spp*) and those responsible for malaria (*Anopheles spp*) are known to be well established in these regions. Dengue - malaria co-infection has been recognized as an important clinical problem in endemic regions\[[@B33]\]. Vector expansion is driven partly by population growth, unplanned urbanization, crowded humans settlements and inadequate water, sewage and waste management\[[@B24]\]. These factors with the lack of effective vector control programs increase the exposure of humans to the disease vectors. Concurrent dengue and malaria co-infection has been reported in many areas of the world with predominance in the Americas, Asian tropical and sub-Saharan Africa regions\[[@B34]-[@B36]\]. The profound endemicity of both diseases with similar and overlapping clinical presentations often lead to misdiagnosis or misinterpretation as mono infections\[[@B37]\]. We previously reported that 10% of malaria patients in Ibadan, Nigeria had active dengue infection. Also, all malaria patients were positive for dengue IgG antibodies which is suggestive of a previous infection\[[@B33]\]. This concomitant dengue/malaria co-infection is consistent with the endemicity of both infections in the region. Despite this endemicity, routine diagnosis of dengue is often neglected and more focus is on malaria. Dengue misdiagnosis or under-diagnosis poses a great risk of increased morbidity and mortality in endemic countries\[[@B38]\]. Therefore, routine dengue diagnosis is very essential in endemic countries as misdiagnosis or lack of diagnosis is likely to have tremendous public health consequences in the general management of febrile conditions in these regions.

DENGUE DIAGNOSTIC METHODS
=========================

Dengue diagnosis is relevant in epidemiological surveillance, outbreak control, routine diagnosis in endemic countries among people with febrile diseases as well as diagnosis among travellers visiting or returning from endemic countries. There are several diagnostic assays such as virus culture, RNA detection, antigen detection and serology. These assays are associated with many advantages and disadvantages as well as different level of specificity and sensitivity.

Virus culture
-------------

This is usually done by inoculation of samples (serum, plasma or buffy coat) into mosquitoes cell lines such as C6/36 and AP61 or mammalian cell lines such as Vero and LLC-MK2 cells\[[@B39]\]. Sucking mice inoculated intra-cerebrally have also been used for the isolation of DENV\[[@B40]\]. Autopsy tissues from spleen, liver, thymus and lymph nodes have been used to isolate the virus from fatal cases\[[@B3]\]. After virus isolation, serotype identification is achieved by immunofluorescence using serotype-specific monoclonal antibodies. Despite the sensitivity of this method, the routine use is limited in endemic countries due to the fact that it requires improved laboratory safety capacity. The assay is also labor intensive and time consuming requiring adequate professional training. Also, virus detection is effective mostly during the early stages of the infection. It is therefore thought that, for better results, cultures should be performed using patient sample collected during the acute phase of the infection that may contain high viral copies. Acute infection is associated with rapid viral replication with high viral load that peaks before the onset of symptoms\[[@B3]\]. Therefore, timing of sample collection is very important for reliable test results.

Virus RNA detection
-------------------

Dengue RNA can be detected by polymerase chain reaction (PCR) from tissues, blood or sera collected during the acute phase of the infection using primers directed to serotype-specific regions of the genome\[[@B41],[@B42]\]. Common genomic regions for PCR include; E, NS1, E/NS1, prM/E, NS5 and NS5/3. Viral load may be quantified by RT-PCR while strain typing could be performed by nucleotide sequencing and phylogenetic analysis\[[@B43]\]. However, it is essential that laboratories performing nested PCR take every precaution to prevent false-positive results that can occur as a result of contamination\[[@B40]\]. A recent development of real-time PCR enables a simpler and faster assay with less exposure to contamination during concurrent dengue detection and typing. The assay utilizes oligonucleotide primers and dual-labeled hydrolysis probes for *in vitro* qualitative detection of DENV serotypes in a singleplex or multiplex reactions. However, this method is hampered by late sample collection (\> 5 d after onset of symptoms). Therefore a negative result does not preclude dengue diagnosis and samples should be subjected to an anti-IgM ELISA for laboratory confirmation of infection. Although highly sensitive, the method is financially prohibitive as most dengue endemic countries lack the capacity to perform such nucleic acid amplification test.

Antigen detection
-----------------

The detection of viral antigen has emerged as a potential alternative to PCR and virus culture. The main antigen target is the non-structural protein 1 (NS1). The NS1 antigen is produced during viral replication and can be detected in patients with primary and secondary dengue infections up to 9 d after the onset of disease\[[@B44]\]. NS1 is secreted in all infected cells during the acute phase of the infection and the presence in blood stimulates a strong humoral response. Quantification of the NS1 is a prognostic maker for dengue disease and higher levels have been linked to progression to DHF\[[@B45]\]. A recent study that evaluates a rapid NS1 assay in both Vietnam and Malaysia revealed the following; in Vietnam the sensitivity and specificity of the test was 69.2% (95%CI: 62.8% to 75.6%) and 96% (95%CI: 92.2% to 99.8%) respectively. In Malaysia the performance was similar with 68.9% sensitivity (95%CI: 61.8% to 76.1%) and 96.7% specificity (95%CI: 82.8% to 99.9%) compared to RT-PCR\[[@B46]\].

Serological methods
-------------------

Serology is based on screening for dengue IgG/IgM antibodies. It is suggested that IgM production occurs 4-8 d after the onset of fever and last for a couple of weeks. On the other hand, IgG production is low after primary infection but matures slowly within weeks and months and may last for several years\[[@B47]\]. ELISA-based IgM assays have become an important tool for the surveillance of dengue. Although these IgM-based assays are a useful diagnostic tool, results from these tests should be interpreted with caution. In addition, there is cross reactivity with other flaviviruses including West Nile virus (WNV), St. Louis encephalitis virus (SLE), Japanese encephalitis virus (JEV) and yellow fever virus (YFV). Therefore, during interpretation of results, patient's past medical history, recent travel history, and vaccination record (especially yellow fever vaccination) should be reviewed in order to determine the likelihood that the current acute febrile illness is due to an infection with DENV. There may also be false-negative results due to an extended sero-conversion period\[[@B48]\]. The presence of anti-dengue IgM suggests recent infection while IgG antibody detection may be used for the classification of both primary and secondary infection\[[@B49]\]. That is a ratio of IgM/IgG greater than 1.78 represents primary infection and lesser than 1.78 represents secondary infections\[[@B48]\]. Also, the diagnostic value of IgA has been suggested and it has been shown that significantly higher levels of IgA antibodies occur in DHF/DSS than in DF cases\[[@B50]\]. The sensitivity and specificity of IgM-based assays is influenced by the quality of the antigen used and can vary greatly between commercially available products.

ROUTINE DENGUE DIAGNOSIS IN ENDEMIC COUNTRIES
=============================================

In spite of the methods listed above, their routine use in dengue endemic countries is limited due to either lack of laboratory capacity or skilled personnel. An ideal routine diagnostic test in endemic countries would fulfill the ASSURED criteria: (1) Affordable by those at risk of infection; (2) Sensitive; (3) Specific; (4) User-friendly; (5) Rapid and robust; (6) Equipment-free; and (7) Delivered to those who need it. The recent developments in rapid point-of-care (POC) immunochromatograhic tests (ICT) offer hopes for improved diagnosis of early dengue infection\[[@B51]\]. ICT for the detection of DENV NS1 antigen, IgG, IgM, and IgA antibodies promises to offer tremendous opportunities for the rapid detection of DENV in clinical samples. These ICT are manufactured in lateral flow cassettes and strips and allows the flow of sample by capillary action\[[@B52]\]. Considering that the majority of patients in developing countries are treated in primary health centers without the availability of a laboratory, POC testing may offer a unique advantage in the routine diagnosis of DENV among febrile patients. The tests can be performed in approximately 10-15 min and requires no specialized equipment or training.

PREVENTION AND CONTROL OF DENGUE
================================

In the absence of specific antivirals and a vaccine, the main method of dengue control is to reduce the vector population and to educate people in endemic countries as well as travellers to these regions on basic protection measures such as wearing protective clothing and the use of anti-insecticide sprays.

Effective dengue control in endemic countries also requires more governmental, public and other stakeholder commitment and intervention at all levels. We recommend the following areas for action: Institution of policies for dengue to be a notifiable disease and the provision of POC diagnosis of dengue in febrile patients in endemic regions. Vector reduction activities by sustained environment and space spraying with larvicide as complementary measure. Unfortunately, there is lack of key indicator measurements for vector control programs at national surveillance systems in most tropical countries. Mobilization for public awareness on dengue control and the need to establish a sustained and integrated disease surveillance-response information and knowledge generation programs in vulnerable countries\[[@B53]\]. Effective waste disposal and water supply system management to reduce vector breeding grounds. Operational research is needed to generate evidence-based and cost-effective knowledge for innovative policies to outwit dengue from the region. Innovative approach on genetically modified mosquitoes to reduce vector population and interrupt transmission. Availability of the dengue vaccine, Dengvaxia (Sanofi Pasteur) for use in 9 to 45 years old persons in hotspots areas as well as accelerating dengue drug discovery and the availability of treatment.

CONCLUSION
==========

This review outlined some of the basic public health issues associated with dengue control in endemic countries. Despite the increasing contribution of DENV as a major cause of febrile disease in developing countries, there is a high rate of misdiagnosis and underreporting from endemic countries, as well as lack of routine surveillance and public health prioritization. In summary, we suggest the need for public health commitment to include dengue as a notifiable disease, implement routine laboratory diagnosis and personnel training in endemic countries. Also, dengue NS1 ICTs or IgM antibody tests should be available at all primary health care centers to enable early detection of cases. Travellers visiting dengue endemic countries should be fully informed on symptoms of dengue and strongly urged to do a dengue test prior to departure or immediately after entering their own country, if they suspect infection by the virus, to reduce the risk of importation of the disease.
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